Dinitrophenol pretreatment of rat ventricular myocytes protects against damage by metabolic inhibition and reperfusion.
We have investigated the protective effects of pretreatment with the mitochondrial uncoupler 2,4-dinitrophenol on the cellular damage induced by metabolic inhibition (with cyanide and iodoacetic acid) and reperfusion in freshly isolated adult rat ventricular myocytes. Damage was assessed from changes in cell length and morphology measured using video microscopy. Intracellular Ca(2+), mitochondrial membrane potential, and NADH were measured using fura-2, tetramethylrhodamine ethyl ester and autofluorescence, respectively. During metabolic inhibition myocytes developed rigor, and on reperfusion 73.6+/-8.1% hypercontracted and 10.8+/-6.7% recovered contractile function in response to electrical stimulation. Intracellular Ca(2+) increased substantially, indicated by a rise in the fura-2 ratio (340/380 nm) on reperfusion from 0.86+/-0.04 to 1.93+/-0.18. Myocytes pretreated with substrate-free Tyrode containing 50 microm dinitrophenol showed reduced reperfusion injury: 29.0+/-7.4% of cells hypercontracted and 65.3+/-7.3% recovered contractile function (P<0.001 vs control). The fura-2 ratio on reperfusion was also lower at 1.01+/-0.08. Fluorescence measurements showed that dinitrophenol caused mitochondrial depolarisation, and decreased NADH. The presence of the substrates glucose and pyruvate reduced these effects, and abolished the protection against damage by metabolic inhibition and reperfusion. However protection was unaffected by block of ATP-sensitive potassium channels. Thus the protective effects of pretreatment with dinitrophenol may result from a reduction in NADH in response to mitochondrial depolarisation.